Introduction
From the first description 15 years ago [I] of outbreaks of disease caused by enterohaemorrhagic Escherichia coli (EHEC) 0157:H7, this serotype has tended to dominate the world literature on EHEC. Evidence suggests that EHEC 0157:H7 isolates are derived from one particularly successful clone of E. coli that has spread around the world. Long before the emergence of this strain, and ever since, there have been reports of human cases and outbreaks of disease caused by serotypes of E. coli other than 0157:H7. On occasion, these may occur concomitantly with 0 157:H7 cases, which may lead to the false labelling of an outbreak as one caused by this serotype only.
Investigation of the Adelaide haemolytic uraemic syndrome (HUS) outbreak has provided several insights into the epidemiology of EHEC. Polymerase chain reaction (PCR) detection of E. coli stx genes Received 19 Dec. 1997; revised version received 19 May 1998; accepted 26 May 1998. Corresponding author: Dr I? N. Goldwater. health.
had been introduced as part of research into sudden infant death syndrome. It was fortuitous that the PCR assay was available at the time of the epidemic as it allowed detection of EHEC 0 1 11 :H-. The hospital laboratory had not introduced selective media for the isolation of E. coli 0157:H7, but such an approach, without PCR detection of stx genes, would have failed to detect E. coli Olll:H-. The examination in a different laboratory of a faecal specimen from one of the Adelaide HUS cases who was hospitalised interstate, and the detection in that specimen of a number of EHEC serogroups including 0111 and 0157, alerted the epidemic investigation to the simultaneous presence of the 0 157 clone, which was found subsequently in two other patients [2] . Examination of reports of outbreaks of EHEC-related disease indicates that most have been under-investigated from the point of view of the possible involvement of multiple serotypes of E. coli. This review provides a fresh look at the epidemiology of E. coli and raises issues important to our understanding of why some epidemics are mild clinically and others severe. In addition, the review illustrates some of the important issues involved in the microbiology of foodborne E. coli disease.
Isolation rates and outbreaks of disease caused by 0157:H7 and other EHEC
A Medline review of the literature was performed to ascertain the detection rate of E. coli 0157:H7 compared with other EHEC serotypes in outbreaks of bloody diarrhoea (BD) associated with HUS. The published data from the reported outbreaks of EHEC disease were then analysed to determine the rate at which 0 1 57:H7 and non-0157 serotypes were detected. Table 1 [ I, 3-23] shows the isolation rate of EHEC 0 157: H7 in published studies of outbreaks attributed to this serotype. Specific comment in regard to the manner of investigation, conclusions drawn in regard to the findings and our re-interpretation of the data of many of these cited studies is provided below. [46] .
Detailed analysis of outbreak reports
It is manifest from the numerous reports of outbreaks attributed to EHEC 0157:H7 that this serotype can at best account for only 60% of isolates in such outbreaks. The study by Pavia ri al. [3] found only 16 cases (10%) with 0157:H7 out of a total of 157, yet the epidemic was attributed to 0157:H7 as the sole causal EHEC. It is noteworthy that the proportion of cases with serogroup 0157 infection detected in that outbreak was similar to that of the Adelaide 0 1 1l:Hepidemic. Furthermore, most studies appear to have neglected non-0 157:H7 EHEC during the investigation of the outbreak. This is illustrated by the remainder of this section which considers the methodology used for the investigation of individual outbreaks. (24) 161 (25) 15 (28) 21 (58) 152 (29) 8 (29) 24 (34) 8 (35) 14 (38) 6 (43) 14 (44) 12 (50) 
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? 66 (37.9)* Six people were infected with 0157, including three patients, an asymptomatic relative and two food handlers. Twenty-one other associated people, including two patients and six family contacts, were negative for 0157, as were 30 people used as controls. Thus 0157 was isolated from three (60%) of five patients or, overall, from six (22.2%) of 27 patients, contacts and suspect food handlers.
In an outbreak in northern Bohemia in 1988 [19] , there were five cases of HUS and one case of HC. Two of the HUS cases and the HC case yielded 0157:H7, while two others yielded EHEC 0 2 6 and one case yielded STEC 0 1 . One of the HUS cases with 0157 also had STEC 05. SMAC was used in conjunction with specific tests . to select non-0 157 STEC.
In the June-Nov. 1995 New York hospital study [20] , 270 stool specimens described as having the following characteristics: 'liquid, semiliquid, mucous, blood, . . .'
were tested with SMAC and the Meridian EHEC test kit. Of the 270 specimens, 11 were positive for SLT and six (54.5%) of these were positive for 0157:H7. Other serotypes isolated were 088:H-, 0103:H-, 0 1 1l:H-and 0R:H-(X2). This study suggests that non-O157:H7 serotypes also play a role in disease in the USA but, as indicated from the studies cited in Table 1 , if other serotypes are not sought, they will not be found! Karch et al. [23] used SMAC, cefiximetellurite SMAC (CT-SMAC) and DNA-based methods to identify VTEC in 30 cases of sporadic HUS from Germany collected between March and Aug. 1995. Eighteen cases (60%) yielded strains of 0157 and five (1 6.7%) yielded non-0 157 EHEC. The latter included 02:H6, 08:H21, 026:H-, 069:H-and 0 1 1 l:H-, indicating that where other serotypes are sought they will be found. It is noteworthy that of these five non-0157 EHEC, two (026:H-and 0 l l l : H -) have been isolated in other outbreaks (Tables 2 and 3 ).
The christening party outbreak of diarrhoea and HC affecting 26 of 93 people and resulting in one case of HUS [21] was investigated by SMAC. Faeces from 23 cases and 33 asymptomatic guests were cultured on SMAC and colonies tested for the stxl and stx2 genes by PCR. Of 23 cases examined, 13 (56.5%) were 0157 positive and three (9.1%) of 33 asymptomatic guests were 0157 positive. It is not clear from the description of the methods which colonies were tested by PCR, but if only sorbitol-negative colonies were tested then this would limit the possibilities for non-0 1 57 STEC isolation.
The investigation of several outbreaks has also been biased by limiting the case definition to positive 0157:H7 culture or serology. The outbreak of diarroea, HC and HUS associated with bathing in a lake in Illinois, USA, serves to illustrate this point [22] . In the investigation, 12 cases were identified, of which seven (58.3%) were positive for EHEC 0157:H7 by culture, yet the culture method was not disclosed. Case definition was based on culture of EHEC 0157:H7 or a positive serological reaction for the 0157 serogroup, or both. Therefore, it would seem that other serotypes were not sought.
Returning to the Adelaide HUS epidemic of summer 1995, had there been no system available for detecting 011 1 then this outbreak, like most of the abovementioned outbreaks, would almost certainly have been attributed to EHEC 0157, which was found in three patients [33] . 
Conclusions
While not diminishing the role of the 0157:H7 clone, this review illustrates the importance of recognising that other serotypes are responsible for outbreaks as well as cases of sporadic human disease. It is also apparent from the literature that a wide variety of EHEC impinge on the human host from a wide range of food and non-food sources. Failure to identify the source is not uncommon. On the basis of this review, it is clear that non-O157:H7 are important (and probably underestimated) causes of disease. Clearly, other EHEC will be missed unless they are looked for specifically with a 'broad brush' approach ( e g , PCR detection of stx genes [32] or direct detection of toxins [48] in faeces or faecal cultures). Medical diagnostic and public health laboratories should be encouraged to use techniques that detect stx genes or toxins in clinically and epidemiologically appropriate specimens, and should not restrict themselves to looking for 0157:H7. The current focus on EHEC 0157:H7, and seeming neglect of other EHEC, has major implications in terms of diagnosis, the food industry and human health. In addition, the practice of some authors of implying that EHEC 0157:H7 is part of the definition of HUS should be discouraged. Ignoring the well-established data presented in this review that EHEC other than 0157:H7 also cause HUS is clearly counterproductive and potentially dangerous.
With the USA and northern hemisphere countries continuing to focus on serotype 0157:H7, as evidenced by its inclusion in the list of notifiable diseases issued by the Centers for Disease Control and Prevention [49] , further effort will be required to encourage laboratories to look beyond this serotype. Nevertheless, the recent WHO consultation on the prevention and control of EHEC infections held in Geneva (28 April-1 May 1997) [50] seems to have gone some way toward recognising the problem of this restrictive approach to diagnosis of EHEC-related diseases. On the same basis, the food industry should also be encouraged to follow this line by being cognisant with the importance of non-0 157:H7 EHEC as well as 0157:H7.
